INTRODUCTION {#sec1-1}
============

*Brassica nigra* L. (belonging to family *Brassicaceae*) most commonly known as "Black mustard" is used in food for various beneficial physiological effects in humans.\[[@ref1][@ref2]\] The seeds are used with warm water as an emetic in narcotic and other forms. They are credited with stimulant and stomachic properties and are used in neuralgia and rheumatism.\[[@ref2][@ref3]\] Grows from May--June to June--October season and is native to the Mediterranean region.\[[@ref4][@ref5]\] The ground seeds of the plant are generally used as spice. These are very well known in Indian cuisine. The shoot and leaves are used as a vegetable in Ethiopia. The plant grows up to two to eight feet tall.\[[@ref6][@ref7]\]

Black mustard consists of about 1% sinigrin, allylglucosinolate, a thioglycoside-like compound of allyl isothiocyanate (AITC) with glucose.\[[@ref8]\] Under normal conditions, glucosinolates (GSLs) are stable; the enzyme myrosinase stored in myrosinase cells is required for hydrolysis of GSL.\[[@ref6][@ref9]\] When the integrity of the plant is compromised, for example, during chewing and chopping, the enzyme and GSLs comes in contact and the hydrolysis reaction takes place, resulting in breakage of glucoside bond.\[[@ref7][@ref10][@ref11]\]

The principal component of black mustard is AITC, which is an organosulfur compound with the formula CH~2~ CHCH~2~ NCS as shown in [Figure 1](#F1){ref-type="fig"}.\[[@ref12][@ref13][@ref14]\] It is a colorless to pale-yellow liquid with an irritating odor with flash point of 135°F and boiling point 300°F. Zhang suggested that AITC may be most effective in the bladder as a cancer chemopreventive compound. It exhibits a low degree of cytotoxicity and genotoxicity in animal studies at high-dose levels, but such adverse effects are implausible in humans exposed to dietary levels of AITC.\[[@ref15]\] It emits toxic fumes when heated to high temperature and used to make other chemicals and as a fumigant.\[[@ref16][@ref17][@ref18]\]

![Chemical structure of allyl isothiocyanate](JAPTR-10-126-g001){#F1}

An attempt has been made to develop the method, which can resolve the spectra for AITC from other herbal compounds and can easily quantify for routine quality control analysis. The high-performance liquid chromatographic (HPLC) analysis method was fully validated according to the guidelines of the International Conference on Harmonization (ICH) Q2A and Q2B.\[[@ref19][@ref20][@ref21]\] The method was validated for linearity, precision (repeatability and intermediate precision), specificity, detection limits, and robustness.\[[@ref22][@ref23][@ref24][@ref25][@ref26][@ref27][@ref28]\]

MATERIALS AND METHODS {#sec1-2}
=====================

Instrument and apparatus {#sec2-1}
------------------------

Perkin Elmer chromatographic system series 200-HPLC with total Chrome Navigator workstation as software. Chromatography was performed using BDS HYPERSIL C18 column. Ultraviolet-visible spectrophotometer double beam (Shimadzu, model 1800); Perkin Elmer FTIR instrument; Electronic analytical balance, Shimadzu.

Reagents and materials {#sec2-2}
----------------------

Black mustard was purchased from the local market. AITC standard (99% pure) was purchased from RD chemicals. Purity and structure of standard compound were confirmed by HPLC and infrared spectral analysis. Analytical reagent grade solvents, i.e., methanol, ethyl acetate, and toluene, were obtained from Merck Specialties Pvt. Ltd., Mumbai, India.

Preparation of standard stock solution {#sec2-3}
--------------------------------------

Accurately weighed AITC (10 mg) was taken in 10 ml volumetric flask and approximately 8 ml methanol was added and sonicated for 5 min. The volume was made up to 10 ml with the same to obtain 1000 μg/mL standard stock solution.

Preparation of working standard for calibration curve {#sec2-4}
-----------------------------------------------------

Aliquots of 0.1, 0.12, 0.14, 0.16, and 0.18 of 1000 μg/mL standard stock solution were transferred to 10 ml of volumetric flasks and made up to the mark with methanol to get concentration of 10, 12, 14, 16, and 18 μg/mL.

Chromatographic condition {#sec2-5}
-------------------------

The reversed-phase (RP)-HPLC chromatographic analysis was carried out by an isocratic elution of water: methanol (30:70 v/v). All solvents were filtered through a 0.45 μm millipore filter. Chromatography was performed as BDS HYPERSIL C18 column. Volumes of 20 μL of the solutions and samples prepared were injected into the column. A flow rate of 0.5 mL/min and a detection wavelength of 246 nm were used. AITC was identified according to the retention time of its peak, which was determined from AITC standard with appropriate specificity and selectivity.

Preparation of phytosomal dispersion {#sec2-6}
------------------------------------

A thin-film hydration method was used to prepare phytosome. Soya lecithin (0.8 g) and extract (0.8 g) was dissolved in methanol and acetone in 9:1 concentration. Cholesterol (0.4 g) was separately dissolved in 5 mL of chloroform. These two solutions were mixed in the round-bottom flask (RBF) and a thin film was formed by evaporating the chloroform and methanol using rotary evaporator. When the solvents were completely evaporated, the RBF was kept for air drying for 24 h. Then, distilled water (20 ml) was added, and RBF was kept in orbital shaker for 24 h.

Sample preparation {#sec2-7}
------------------

Accurately weighed 10 mL phytosome dispersion was taken into the volumetric flask and 10 mL of chloroform was added. The flask was kept on a rotary shaker for 15 min to rupture the phytosomes and then 10 mL water was added to the resultant suspension. The mixing was continued for 30 min. The aqueous layer was separated using separating funnel. It was kept on a water bath for about 30 min to remove residual chloroform. The mixture was filtered and 1 mL was transferred to 10 mL volumetric flask and made up to mark with methanol, and this was used as a test solution.

Validation of the method {#sec2-8}
------------------------

The method validation according to the guidelines of ICH Q2A and Q2B was performed for the developed RP-HPLC analysis.\[[@ref6]\] The method was validated for linearity, precision (repeatability and intermediate precision), accuracy, specificity, detection limits, and robustness (detection wavelength and the flow rate of the mobile phase).\[[@ref7]\]

Forced degradation studies {#sec2-9}
--------------------------

AITC (standard) and extract were subjected to 1N HCL, 1N NaOH, and 3% H~2~O~2~. AITC (standard) and extract were treated with 1N HCL, 1N NaOH for 30 min at 80°C, and 3% hydrogen peroxide for 24 h. Further dilutions were made with respect to the standard solution.

RESULTS AND DISCUSSION {#sec1-3}
======================

Mobile phase optimization {#sec2-10}
-------------------------

Different solvent systems in varying ratios of solvents such as methanol, water, and acetonitrile were used to optimize the mobile phase for better resolution. From these, combination of water and methanol gave good results (30:70 v/v). Chromatogram of AITC (Rf: 8.30 ± 0.02) and extract (Rf: 8.33 ± 0.02) is shown in Figures [2](#F2){ref-type="fig"} and [3](#F3){ref-type="fig"}, respectively.

![High-performance liquid chromatographic chromatogram of allyl isothiocyanate standard (10 ppm)](JAPTR-10-126-g002){#F2}

![High-performance liquid chromatographic chromatogram of allyl isothiocyanate in phytosomal extract](JAPTR-10-126-g003){#F3}

Method validation\[[@ref21][@ref22][@ref23][@ref24][@ref25][@ref26][@ref27]\] {#sec2-11}
-----------------------------------------------------------------------------

Linearity was determined by analysis of five linear curves in the concentration range of 10--18 μg/mL for AITC. The calibration curves for AITC were plotted, and the regression equations were computed from these plots \[[Figure 4](#F4){ref-type="fig"}\]. The calibration curves showed good linearity (r^2^ ≥ 0.996 for AITC) as shown in [Table 1](#T1){ref-type="table"}. The standard addition method was applied to determine accuracy. The proposed method was applied for the estimation of AITC in the extract. The recovery study was carried out by spiking previously analyzed sample with different concentration of AITC at 80%, 100%, and 120% and repeated in triplicate. The percentage recovery of AITC was calculated at each level. The drug recovery obtained was 97.07%--103.66% for AITC as listed in [Table 1](#T1){ref-type="table"}. Figure 4Linearity graph between concentrations versus peak area of allyl isothiocyanate

###### 

Parameters and results for allyl isothiocyanate

  Parameters                                     Observations
  ---------------------------------------------- --------------
  Wavelength                                     246 nm
  Concentration range (µg/mL)                    10-18
  RT values                                      8.30±0.02
  Correlation coefficient                        0.9961
  Specificity                                    Specific
  Accuracy (percentage recovery)                 97.07-103.66
  LOD (ng/mL) 3.3 s/S                            0.0043
  LOQ (ng/mL) 10 s/S                             0.01324
  Phytosome assay for allyl isothiocyanate       0.0009%
  Precision (percentage CV)                      
   Repeatability of sample application (*n*=6)   0.28%
   Interday (*n*=3) at Level 3                   0.02%
   Intraday (*n*=3) at Level 3                   0.20%

RT: Retention time, SD: Standard deviation, RSD: Relative standard deviation, *n*: Number of replicates, LOD: Limit of detection, LOQ: Limit of quantification, CV: Coefficient of variation

Specificity is defined as the ability to measure accurately and specifically the defined analyte without interferences from blank. Specificity study was performed by spotting placebo sample, mobile phase, and extract separately. The method specificity was performed, and the method was found specific. The limit of detection and limit of quantification for the analytes were calculated using the formula as per the ICH guidelines. The results are summarized in [Table 1](#T1){ref-type="table"}.

To study the intraday (repeatability) and interday precision (intermediate precision) of the method, six replicates of the standard of AITC at 1.5/1.5 μg/mL were analyzed on the day and on different consecutive days, respectively. The intra- and inter-day precision (% relative standard deviation) was 0.02% and 0.20% for AITC \[[Table 1](#T1){ref-type="table"}\], respectively.

Mobile phase composition, chamber saturation time, and mobile phase volume were considered as parameters of interest for robustness study. The results shown in [Table 2](#T2){ref-type="table"} establish that alteration of the analytical conditions does not affect the performance of the method significantly, as evident from the precision values in the measurement of peak area of the analytes. This confirms the robustness of the analytical method.

###### 

Results for robustness of the method (*n*=6)

  Change in conditions   Number of injection   Concentration   Average area       Relative standard deviation
  ---------------------- --------------------- --------------- ------------------ -----------------------------
  Temp 28°C              3                     10 ppm          157,150.06±40.41   0.02%
  Temp 32°C              3                     10 ppm          155,866.1±152.69   1.18%

The stability of the AITC was checked for short-term and long-term stability at room temperature and at 5°C, respectively. The samples at room temperature were stable for a minimum period of 45 h, whereas the samples at 5°C were stable for at least 60 days.

Forced degradation studies {#sec2-12}
--------------------------

Forced degradation was performed in acidic, alkaline, and oxidative conditions. All degradants peaks were well resolved from peaks of drugs for all stressed samples. The acid, alkaline, and oxidative degradation showed 98%--100% \[Figures [5](#F5){ref-type="fig"} and [6](#F6){ref-type="fig"}\] and 6.48%--7% \[[Figure 7](#F7){ref-type="fig"}\] drug degradation, respectively. The degradation pattern in all three conditions was found similar resulting in generation of new peak at 4.8 min. Liquid chromatography/mass spectrometry (LC/MS) MS studies are in progress to understand the mechanism for the same.

![Chromatogram for acid degradation of allyl isothiocyanate](JAPTR-10-126-g005){#F5}

![Chromatogram for alkaline degradation of allyl isothiocyanate](JAPTR-10-126-g006){#F6}

![Chromatogram for oxidative degradation of allyl isothiocyanate](JAPTR-10-126-g007){#F7}

The results for stress studies of AITC showed the highest degradation of 100% in the acidic and alkaline medium as shown in [Table 3](#T3){ref-type="table"}.

###### 

Forced degradation data of allyl isothiocyanate

  Method of degradation           Percentage of degradation
  ------------------------------- ---------------------------
  Alkaline degradation            100
  Acid degradation                100
  Hydrogen peroxide degradation   6.49

CONCLUSION {#sec1-4}
==========

A simple method was developed for the estimation of AITC in aqueous extract of *B. nigra*. Validation was done as per ICH guidelines. The result showed that the developed method is simple, fast, sensitive, suitable, and specific for the determination of AITC from the extract of *B. nigra* seeds and formulations.
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